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CHEMICAL R & D: SUMMARY

Sixty—-three peroxide/hydroperoxide decomposers have thus
far been screened and of this number about 12 appear promising
enough for continued evaluation (1.1.1.1).

Formula 5/D8, in every respect, appears to be as good
as and in most instances superior to 5/D7. Preliminary over-
coating evaluation indicates less rapid spot growth and greater
retained sensitivity than 5/D7 (1.1.1.2.1).

The pH of the PVA-overcoat is a critical factor in
controlling spot growth (1.1.1.2.2).

Sub-microscopic silica is recognized as a possible
cause of spot growth (1.1.1.2.3).

Loss of CBr, has been measured by an infrared method
which proves to be fairly accurate (1.1.1.3.1).

Attempts to simulate speed decay of 5/D7 films failed.
Although an autoxidation mechanism with formation of D260-hydro-
peroxide remains a viable hypothesis, subsequent decomposition
to 4DMAP can uae longer be considered the cnly causc of ohserved

speed decay (1.1.1.3.2).

Ingredient interaction decay studies with 5/D8 indicate
superiority of 5/D8 over 5/D7 (1.1.1.3.3).

Coatingz solution decay studies indicate greater stability
for 5/D8 compared to 53/D7 (1.1.1.3.4).

D263 is being evaluated as a substitute for D250, Con-
devation of the mechanism of chemical speed decay indicates
63 may be less prone to chemical decay than D260 (1..1.3.3).

<

S1
e
gy

The period from July 1 through October 15 has lzcen
spent investigating and evaluating individual paramcters and
suspcceted parameters of spot growth and speed decay. As a

result, data indicating any extension of shelf lite is not
presently available. The second half of this contract period
will now include direct collection and evaluation of shelt life
data.

Sanitized Copy Approved for Release 2010/03/17 : CIA-RDP80T01137A000100030002-5
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1.1 CHEMICAL R & D

1.1.1 Inhibition of Speed Decay

1.1.1.1 General Screening of Chemical Inhibitors: Peroxide/
Hydroperoxide Decomposers

Mass screening of peroxide/hydroperoxide decomposers
began during the first week of September. It comprised addition
of additives to Formulas 5 and 5/D7 followed by evaluation of
both DPO and RLD modes by comparison to standard controls.

To save time, this initial screening did not include overcoating
or 5/D8. Evaluation was based upon the effects exhibited on
fresh film and on the observed rate of decay over a 24 hour
period. Decay was expected if only for the reason that CBry
escapes from the film. An additive was therefore considered
promising if it showed no detrimental effect on fresh film and
showed comparable or preferably less decay than the control.

In the past six weeks, 63 compounds comprising 8 classes
have been evaluated by means of this initial screening procedure.
The evaluations correspond to the preparation of 1,225 films
from 235 coatings, and were performed by three new coating techni-
cians.\ vho is in charge of the film ewvalualion ogx1
group, and]| the senior technician, arec to 25X1
be commendcd for their efforts in so effcctively training the
new technicians in such a sbort time.

The majority of compcunds have failed to show any potcential,
but 12 compeunds did show various degrees of promise {(mavioed with
an asteris® in Tabla 1). The classes and conpounds. includiag
those yet to be evatluated, are listed iun Table 1.

Results to date are summarized as follows:

1. Sulfides
DFO: 3) No apparent effect

5/D7) Slightly higher, reddish fog in 5/D7: :cc-
and tert-butyl show sllgnle higher Dmax and
Dnet than control after 8 hours (Figure 1)

RLD: 5)

5/D7) No effect

25X1
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TABLE 1
PEROXIDE/HYDROPEROXIDE DECOMPOSERS: Classes and Compounds
Legend: * promising, shown in Figure
( ) not evaluated

1. Sulfides: R-S-R (Figure 1)

Seven (7) compounds, 28 coating, 140 films

1, n-butyl sulfide

x2, sec-butyl sulfide

*3. tert-butyl sulfide

4. n-propyl sulfide

5. isopropyl sulfide

6. phenyl sulfide

7. benzyl phenyl sulfide

8. (methyl phenyl suifide)

CH3 (CHy) ,S(CHy ,S(CHp) . CHj

Where,

9. x =9, n =3

10. Xx =9, n=4

11. x = 11, n = 2

12. x = 11, n = 4

13. x = 17, n = 2
2. Disulfides: R~S~S~-R (Figure 2)

Eight (8) compounds, 32 coatings, 160 films

*1, n~butyl digulfide

2, sec-hbutyl disulfide

*3 tert-butyl disulfide

4. n-propyl disulfide

5. isopropyl disulfide

6. phenyl disulfide

7. 3-~naphthyl disulfide

8. 2,2"'-dithiobis (benzothiazole)

25X1
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TABLE 1 (continued)

P
3. Thiolsulfinates: R-S-S~R (Figure 3)

Six (6) compounds, 24 coatings, 120 films

n-butyl thiolsulfinate
sec-butyl thiolsulfinate
tert-butyl thiolsulfinate
n-propyl thiolsulfinate
isopropyl thiolsulfinate
phenyl thiolsulfinate

* ¥
UL W
. . .

4. Mercaptans: R-S-R (Figure 4)

Four (4) compounds, 16 coatings, 80 films

1. phenyl mercaptan
*2. 2-mercaptobenzothiazole
*3. 2-mercaptobenzoxazole
4, 2-mercaptobenzimidazole
2. B-naphthyl meycaptan

S
Il
5. Metal Xanthates: M'™ £S5~C-OR),

oo

Nine (9) compounds, 38 coatings, 150 films

L. poftassium n-propyl xanthate
2. potasaium iscpropyl xanthate
3. potassium n~butyl xanthate
4, zinc n-propyl xanthate
5. zinc izopropyl xanthate
6. zince n-butyl xanthate
7. cupric n-propyl xanthate
3. cupric isopropyl xanthate
9. cupric n--butyl xanthate
o
6. Sulfoxides: R-S-R (Figure 5)

Teu (10) compounds, 44 coatings, 210 films

25X1
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TABLE 1 (continued)
6. Sulfoxides: (continued)
1. n-butyl sulfoxide
*2 . sec-butyl sulfoxide
3. tert~butyl sulfoxide
4, n-propyl sulfoxide
*5, isopropyl sulfoxide
6. phenyl sulfoxide
7. benzyl sulfoxide
8. dimethyl sulfoxide
9. dilauryl B, B'~sulfinyldipropionate
10. distearyl B8,R'-sulfinyldipropionate
7. Sulfones: R—EmR (Figure 6)
Seven (7) compounds, 28 coatings, 140 films
1. n-butyl sultfcne
2. sec~butyl sulfone
*3. tert~-butyl sulfone
4. n-propyl sulfone
3. iscpropyl sulione
6, phenyl sulfone
7. mnethyl sulione
S
8. etal Dialkyl Dithiophosphonates: MTH {~S~15(021>2}2
Twelve (12) compounds, 47 coatings, 225 films
1. potassium di--n-propyl dithiophosphonates
2. potassium diisepropyl dithiophcsphonates
3. nickel di-n-propyl diihiophosphonates
4. nickel diisopropyl dithiophosphonates
3. bismuth di-n-~propyl dithiophosphouates
6. bismuth diisopropyl dithiophosphonates
7. zince di-n-propyl dithiophosphonates
8. zinc diisopropyl dithiophogphonates
9. cupric di~n-propyl dithiophosphonates
10. cupric diisopropyl dithiophosphonates
11, cadnium di~-n-propyl ditihiophosphonates
12, cadmium diisopropyl dithiopheosphonates
25X1
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TABLE 1 (continued)

(N, N-Disubstituted Dithiocarbamates):

S S
RoN- M
2N C\S,v \S/

C"NRZ

1. zinc dimethyldithiocarbamate

2. zinc dibenzyldithiocarbamate

3. zinc diethyldithiocarbamate

4. zinc dibutyldithiocarbamate

5. zinc ethylenebisdithiocarbamate

6. nickel dimethyldithiocarbamate

7. nickel dibutyldithiocarbamate

8. nickel pentamethylenedithiocarbamate

9. nickel cyclopentamethylenedithiocarbamate

10. cadmium cyclopentamethylenedithiocarbamate

11. bismuth dimethyldithiocarbamate

12. lead dimethyldithiccarbamate

13. lead diethyldithiocarbamate

14, sodium dimethyldithiocarbamate

13. scdium diphenyldithiccarbamate

16. phenyl mercuric dimethyldithiocarbamate

17. bis(dimethylthiocarbamyl)sulfide

18. bis(dimethylthiocarbamyl)disulfide

3

_ﬁgrhiosulfeny. Xanthates): RNSmSmémOR

1. O-ethyl S-n-hutylthiosulfenyl xanthate

2. O~-ethyl S-szc-butylthiosulfenyl xanthate

3. O-ethyl S- T:EHtjlthlojhAFLHYL xanthate

4. O~cthyl S=-phenylthiosulfenyl xanthate

25X1
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FIGURE 1
Screening of Peroxide/Hydrope
Decomposers:
Sulfides at 24 Hours
1. 5/D7 Control
2. Efbutyl sulfide
3. sec-butyl sulfide
I
)
1
25X1
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2. Disulfides

DPO: 53) No effect

5/D7) Tendency toward lower fog after 24 hours; n-,
sec~ and Eggg—butyl show slightly higher Dnet
Than control after 24 hours (Figure 2)

RLD: 5)

5/D7) No effect

3. Thiolsulfinates

DPO: 5) Higher initial fog and higher rate of fogging
during aging

5/D7) Similar to control but with higher reddish fog;
sec~ and tert-butyl show slightly higher Dmax
With comparable fog to control after 24 hours
(Figure 3)

RLD: 5)

5/D7) Destroy imaging of fresh films

4. Mercaptans

DPO: 5) Slightly lower fog on aging

5/D7) Better than control; the benzothiazole and
bernzokazole show much higher Dnel with only slightiy
higher fog (Figure 4)

RIL.D: 3)

. N No or only slight imagiang 1in fresh film
D/D [) I o y g Lty S

5. Metal Xanthates

DPO: 5) liigher fog, lower densitics in fresh f£ilm

5/p7) Potassium and copper salts show vewry high fog in
fresh films and lavger increase on aging,;, zinc
salts show no fog in fresh film but rapid increase
on aging. '

RIJD: 5 )

5/D7) No imaging at all

25X1
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FIGURE 2
DISULFIDES (Tv = 24 Hrs.
1. 5/D7 Control
2. n-butyl disulfide
sec~butyl disulfide
3. t-butyl disulfide
1
o
1
25X1
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FIGURE 3
Thiolsulfinates (Tv =
1. 5/D7 Control
2. sec~-butyl thiolsurrimate
3. t-butyl thiolsulfinate
1
©
i
25X1
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FIGURE 4
}} Mercaptans (Tv = 24 Hrg
i
*.
i
g i. 5/D7 Control
e 2. 2-mercaptobenzoxaz(
3. 2-mercaptobenzothiazole
1
-
S
1
25X1
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6. Sulfoxides

DPO: 5) No effect
5/D7) Similar to
(Figure 5)
RLD: 5)
5/D7) No effect

7. Sulfones

DPO: 5) No effect
5/D7) Similar to
phenyl and
RLD: 5) o
5/D7) No effect

8. Metal Dialkyl

control with less fogging on aging

control with less fogging on aging;
t-butyl are best (Figure 6)

Dithiophosphonates

DPO: 53) No or only
5/D7) Same

RLD: 3) No iuwaging
5/p7) 0 ThTerhe

Formula S5 has
additives. {t is

substituted in its place
1.1.1.2 Coubined Chemical/O
1.1,1.2.1 Formula 3/D3

~

In the autumn oi
the development of
of D7 (5/D7)
found fairly efifective
emphasized and as a
ART speed had been

material-failures,

investigations of

there
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FIGURE 5

Sulfoxides (Tv = 24

1. 5/D7 Control

isopropyl sulfoxide

2.
3. sec-butyl sulfoxide

4!

25X1

RELATIVE LOG EXPGIURD
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FIGURE 6

Sulfones (Tv = 24 Hry
1. 5/D7 Control
2. t-butyl sulfone
3. phenyl sulfone
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The current considerations of shelf-life/speed decay
and system nonuniformities again led to 2 consideration of
5/D8, primarily as a means of evaluating the role of D7, which
is the suspected cause€ of blotching and 2 primary suspect in
speed decay, 2S a result of ingredient interaction decay

studies?.

Formulation studies have quickly led to the conclusion
that 5/D8 is a more desirable system than 5/D7. The first indi-
cation of superiority resulted from attaining AEI speeds of 3
to 8 almost from the beginning. Furthermore, the D-Log E
curves were much petter behaved than 5/D7 (Figure 7) and curve
shapes for RLD and DPO were nearly jdentical (¥Figure 8).

Comparison of absorption spectra for unfixed DPO films
of 5/D7 (Figure 9 and 5/D8 (Figure 10) at low, medium and high
densities indicate that more image dye 1is formed in 5/D8 than
in 5/D7, and this is still more impressive when one realizes that
the optinmum level of D8 1is only two-thirds the level of D7.
pS~-dye is blue and adds to the green-red portion of the spectrum
as does D260-dye (p392). As a result maximum densities are
read with the Wratten 93 (green) filter in the MacBeth TD~102
densitometer. I contrast, D7-dye is read and 5/D7's maximum
densities are read with the wratten 94 (hlue) tilter. The
naxium densities road for 3/D8 are only 2.0 (compared to 2.7
for 5/T/) and ave inconsistent with ihe absovption spectra shown
in Figure 10. we have recently discovered that the Quantoscan
Recording densitometer using 2 Wratten 93, gives deus ity readings
as high as 4.0 (rigure 8) whiich are consistent with Figure 10.
There 1is presently Bo explanation foir the failuve of tha To=104

densitometer toO record these higher densities but reverdloss,

we now know that 5/D8 has A LT rangs as ZOC O bettoe than 3/D7.
Coneparisen of Figures 9 and 10 also shows sUBorDe

tion in the 530730 nm region fors S/3 and supgee cotimum

develorment might be at longoer 1 j 2,07,

Prelindinavy studics show the optin Sleoorth IS Cwiw et B83
and 707 pm cempavaed to 650 to
overcoated film da

:.._"A‘;_ \.1‘7_"'\' i

fS ! .

2 ] ) SR
Jicinity of 717 pu. The capability of dovelopit 3/ ivn
longer wavelength will be necessary Lor extending speciral
sensitivity to GEO0 nm.
Figure 11 compares the absorption snectra of vneroesed

5/D7 and 5/D8. Tho spectra are sinilar but nots the groutfer
absorbance of 5/88 (with less b8 than D7) in the 300 ©o G50 nn
region. Some decree of enhanced censitivity had neen cxpected
on the assumplion that the charge-tvansier complexes of D7 and
p3 with CBr, assume some of the chavacter of thelr respeciive

v

25X1
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FIGURE 8

RLD and DPO Curves
for
FORMULA 5/D8

1. DPO - Read on MacBeth
Densitometer

1A. DPO - Read on Recording
Densitometer

2. RLD - Read on MacBeth
Densitometer

2A. RLD - Read on Recording
Densitometer
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FIGURE 9

Absorption Spectra Of
5/D7 Printout
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FIGURE 10

Absorption Spectra of
5/D8 Printout

(Unfixed)

GI

HI TR
T | | B
SRR . L
i N i i
7 R R IEE R
N i ETS TR
f ; [ ;
S O L A O F Y S
7 o R R ; i
; i i o | :
' % | e | ;
. | : i ! .
MEDIUM 5 P o L
i i H ! i
. - i H . JRE S
o H i . N N 1
L . 1 N K M
P [N ST
T 1 P
: ; -t oy L
* E i , H ‘
Z P ?
; Co i L i i
o bl 4 P L I
LOW . Y i ; : ]
T L o ; i
» - A !

oS .JJu . e gl e it

VAVELRENGTID (N3D
Sanitized Copy Approved for Release 2010/03/17 : CIA-RDP80T01137A000100030002-5



Sanitized Copy Approved for Release 2010/03/17 : CIA-RDP80T01137A000100030002-5 B o
.8 B ] }
- H i { i i i i ' 3 . 3
. 25X1

FIGURE 11

B , : Absorption Spectra of
S ) ' . .. Unexposed 5/D7 and 5/D8
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dyes. D8 absorbs at 400 nm and its dye at 528 nm; D7 absorbs at
390 nm and its dye at 496 nm. In order not to detract from our
main objective of solving the shelf-life/speed decay problem we
have not measured the spectral sensitivity of 5/D8. We do
expect to find that 5/D8 has better red sensitivity than 5/D7
when the spectral sensitivity curves are eventually compared.

A principal cause of spot growth in PVA overcoated films
was found to be undissolved crystals. The center of each spot
is always found to have a ycllow or white crystal, presumably
D7 or 4P0 respectively. These two ingredients are the least
soluble ingredients of the formulation. D8 is more soluble than
D7 and, furthermore, its optimum concentration is only two-
thirds that of D7. We found that N5 (4-ethyl-3-methylpyridine-
N-oxide) is more soluble than 4P0 (4-picoline-XN-oxide) and that

the addition of 20% ethyl acetate (by volume of benzene) apparently

enhances the solubility of all ingredients. FYinally, we found
that with a PVA-overcoat the optimum concentration of N-oxide is
increased, and such an increase requires more soluble N--oxides
like N5 if spot growth is to be arrested. Advantage was taken

25X1

of these tacts by combining them into a new fevmulation, Yormula 10.

As a result a PVA-overcoated film lasted 27 houws at 7¢°C without
spot wrowfh and without loss of DPO sensitivity (RLD mode was
not checked). After 21 bhours a new type of randen spot geowth
occurivad, ihe spots were distincetly different than those cuused
by crystals and looked like amoebas ucder the wicroscope. It

a3

is believaod these swveils mnay be a result of cuenical rvenoction

betwean th2 aquecus overcoat and the phetosensitive laver. One
}M};aJI)T ity is reaction belwean water and 33:{ to produce aaid,
A second puisibllt,j is difTfusion of (b2 uore waiter-solunio
N--oxide from the photosensitive layey to tho ek ; >
Tilm ds known to fog mors reacily as fho concans

is decroased. St "1 anotiee possibilify hia

D
of the overcoat whzch will o discussad

Reocently, strdies becan with so:

the N-owxidos which woire D)>vn(usly SCUaaiR
1 1
1

SOoRne more Cly synthesinod
have greaios iubaliby in bonzen
cniy as this

vore available

souwe N-ofides which prove Le ‘
(l,t""m 1tal to 5/D7 are atior "ng S than either
490G ov MO, including retarvdation of sp

Additional evidence supporting the supeviovity of 3 1s
found in ingredient inter a(tinn decay studies ol 3/D8 Section
1.1.1.3.3, and coemparvisons of coating 50}Q1LOD decay of 5708

and 5/D7, Section 1.1.1.3.4.
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The preceding facts form the basis for concluding that
5/D8 cannot be neglected in the search for a final solution
to the speed decay problem. Unfortunately, time and resources
prevent performing all experiments with both 5/D7 and 5/DS.
Work will continue with 5/D7 but more emphasis is now being
placed on 5/D8. This decision is based primarily on the realiza-
tion the retardation of spot growth, with little or no loss
of sensitivity, was accomplished without employing many of the
sophisticated coating techniques developed by Engineering and
employed in the previously reported results of overcoated 5/D7.
In addition to all the apparent advantages of 5/D8 mentioned
above, this one fact seems most immediately important in con-
cluding that the best chance for solution to the speed decay
problem lies with Formula 5/D8.

1.1.1.2.2 pH of the PVA-Overcoat

The pH of the polyvinyl alcohol (PVA) overcoaf layer
was varied from 3 to 13 with aqueous hydreochloric acid and six
bases. Before treatment, the pll of the contrel PVA, which had
been slurried with ion exchange resin, was 5.6 (cf. Section
1.1.5.3). '

This low pHd (acidic) may cavse D7 or N3 dye~foermalion,
Too hicsh a pi (kasic) way interfere with D7 or DS dye-formation,
however. The optismum plf was found to be on il basic side:
9 to 11, The trialkylanines work best. AU € iin the
investigatieon tributylanmine at pi 9 is thoe he Dmax,
fewver

v, and gpeed ave similov to the control nnd

spots, Trietvhylawmine at pil 2 is a2lmost as somewiat
lower camma and more spots. It is nolb lilkely as good

form siability as tributyl-sasane because of 1is higher

volatility. In Ffaecl, tributylamine is the l2ast voisiille
trialkylamine which has sufficient solubility to produce pH
of 9 in the PVA overcoat,

1lonw
REOFEST

2

When the ovevcoat was acidiflied to or 5 with Iy
acid thé films dark—fozeved after 1 to 3 hovweos,  Basiiico!
with DABCO or scdium hydroxide causced many -spots; basipicotio
with triethanolamine led to compleroly fowsod fila,
wero obtained at pH 9 and 11 with tributyiamine, tricthylamine,
and tetramethyla: I

ronium hydroxide, The latter, although al
as good as the trialkylamines, did cause scme bleeding. Triethyl-
amine at pH 7 resulted in tco many spols.

@ §

1.1.1.2.3 Possible Role of Silica in Spot Crowth

25X1
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Spot growth is the main problem in determining shelf-1life
with overcoated 5/D7 and 5/D8 films. All coating solutions
are filtered through a S5p filter, yet small spots appear on
aging and continue to grow. At 17 hours aging, spots of 10 to
15 mm diameter are somctimes seen.

Microscopic examination of the spots shows several types.
One type is apparently due to a crystal of pyridine oxide making
2 water-sensitive spot. The coating is leached away by the water
used to remove the overcoat, resulting in a colorless spot
devoid of image.

Dark spots usually have a crystalline center, which is
either D7 or D8. Apparently the image precipitates out of
solution and crystallizes onto some crystal nucleating agent.
In some cases the nucleating agent is readily identifiable
under the microscope as a large yellow crystal of D7 or DS,

a white crystal of 4PO, or a lint fiber. More often, no
identifiable form is evident on microscopic examination. IT
is suggested that these spots have been nucleated by small solid
particles which pass the 5p filter. It is further suggested
that these small particles are room dust and/ovr glass. Room
dust is being controiled much better in the new darkrooms,

yet the spotis persist. Glass dust is a very likely suspect.
Until very recontly all of the ingredicents (CBUy, NGO, NY,
D3, 4P0, N5) have been purified in our labors tolries using =i
tered DPyrex fubnels.  In addition, D7 and L8 have boun ground
ia ceramic mortars and pestles. Doth procedures oresent the
possibility of generating zlass or ceramic particles smallerw
than J.

Specivograpihic analysis of DEB0 ool 7 which 2 boon
purified in this way show less @ 1 ppo: sitica.  This is che
limit of detection by this method, I siiies waie praseni in
100 g D260 in the form of unilfovn A spheves, L Ak Laoanldow
1335 spherns to be prosoent. If the pacticles wers Lp wpheles,

1 ppa would vronsasent 53,700 spec rhns owe seo boat no weihod
of analysis would be shle to assurs us that Jidm i Lsoare

complately {ven of glass pavrticles.

ternative

The practical alt
and purification of iila ingreaic to elinivote oy mind-
mize the possibility of glass dus By thoe end of this vanortlag

period new preperations of all of the film ingredianis (CBr gy,
D2G0, D7, DS, 4p0O, H3) have been compleied or are andorway,
where paper filters have veplaced sinterced olass and "Diswenite!
alumina (hardness 9+) mortar and pestles have replaced ceramic
ones for grinding. When all of these dust--free ingrodicentis are
assombled and used for cvercoated films, an improvement in the
numpber of spots per unit area should be evident if glass dust 1is

a cause, 25X1
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1.1.1.3 Related Studies

1.1.1.3.1 Loss of CBrg - Determined by Infrared

The initial measurements of the CBY, loss-rate were
based on the absorbance at 625 nm in the 5/D7 film system3.
But this method was based upon the tenuous assumptions that
this absorbance was due to the charge~transfer complex of
D260 with CBr,, and was concentration-dependent. The results
were consistent with, but did not validate these assumptions.
Furthermore, the absorbance was small, absorbance changes
were even smaller, and absorbance could change during measurc-
ment because of dye formation. Considerable inaccuracy
could therefore be expected and an alternate method was
desired.

The CBr, stretching band is found in the infrared at
650 to 6K0 cm—1. The infrared absorption peak of standard
5/D7 was compared to filims identical in foruulation except for
the concentration of CBry. Spectra were rin on a Pevkin-Blmer
457 Infrared Grating spectrophotometer exactly ten minntes
after coating. The absorption peaks are scco in Fig.ure 12.
Figure 13 shows the absorption of a single picce of ¢ilm as
a function of time., The avea undev the abzerpoion curve 1s

oropoytional to ths concontration of CBry oovd nonamsoy necrligihle
loss of CBr, duviog the first tea minutes, the copncentialions
4 o b

are lknown from vigure 12, The aciunl conceniraiions of COU,4

. . . P N . . *
resmining in the film cnu therefore he detormined. i absorpe
tion curves ale sufticiently symmecrical =0 pente halolihs rathew

3 1 :

Fiian nvens ware w=ad.  Plots of penk helghis vevrsus conesoira s

=3

tions and pealr heights ver

5
i
Lo curvesn an be use

cus tine (ased Iilm) ave @oon
i

Tigure Lt e I o Ceiaine T
CBr, a2t any owamp e ahown,
indicatos that aboutbl 455 of Lig i cial Chyry
doving bhe 3 hours. Noto also that the
ol days

T'his weihod
indicalsd by the visible absorplion
indicates 50% lest in about two
results must be considercd more
tainties previously mentioned Al
The boeauty of the infrared method
ments are independzant of visible abrsorption; chat 1s.

of dyc formed in a fogged film, for cxample.

¢ Vioeney Ly

N 1.7 ; T b cyery 43 =3
alyly well with foo

v
HNeCTIN

4

Accuracy of the infrared method was independe. s
by weight-loss woasurerents with a film which was two weeks old.

>

o
The measurcment of weight loss for detormining the C3Bv, vate-loss
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was considered inapplicable due to concurrent loss of benzene.
After several weeks, however, little if any benzene should
remain, while on the other hand, the CBr, concentration has
stabilized for over a week at 40 to 50%. Two pieces of film,
two weeks old, measuring approximately 31 and 18 cm? respectively
were weighed and then heated in a forced-draft air oven at

160°C for three minutes, cooled and reweighed. The absences

of infrared absorption at 650 to 660 cm-1 confirmed the total
removal of the remaining CBr,. The weight losses therefore
corresponded to the CBr, which had remained in the aged film.
The original CBr, loading per unit area is readily computed from
formulation data and known coating thickness. The weight losses
corresponded to 44% and 51% CBr, for the two films respectively.
These data are in good agreement with the infrared method
(Figure 14), especially when one considers the present lack of
refinement in experimental methods and data analysis.

1.1.1.3.2 Simulated Speczd Decay

The primary causes of speed decay were determined during
the last contract period?, One cause is loss of activator, a
purely physical phenomenon, while another cause is chemical
in nature. On the vasis of circumstauntial cvidence the chemical
cause was postulated to be formation of 4DNAP (4~-dimethylamino-
phenol) . The 4pDMAP in turn arises from decomposition of D260-
nydroperoxide regulting from autoxidation cf D260, The complex
chemistry of the camera speed film materials raises guestions
about still othew, as yel unrecognized, chemical causes of
speed decay, and some of these possibilities have besn discussed
previously?d,

The ability to independently determine the CBr, less-rate,
provides the means of evaluating independently the relative
centributions of the two causes of speed decay, and in ituvn
provides the means of testing the chemical speed decay hynothesis
(cf. Section 1.1,1.3.2.2).

1.1.1.3.2.1 Loss of Activator (CBr,)

The first step was to determine the speed decay due to
loss of CBr,, iundependent of chemical decay. DPO and RLD D-Log &
curves of fresh [ilms, formulated with ditferent concentrations
of CBr,, were compared to the curves of the standard formulation.
The results for 5/D7 are seen in Figures 16 and 17. Figure 16
shows fairly regular loss of sensitivity and density with decreasing

25X1

Sanitized Copy Approved for Release 2010/03/17 : CIA-RDP80T01137A000100030002-5



for Release 2010/03/17 : CIA-RDP80T01137A000100030002-5

Sanitized Copy Approved
% 10 ] 1]
' ' FIGURE 16
5/D7 System - CBry Trav( — 25X1
Printout Mode
(Te = 300 sec)
i
[
©
1
25X1

Sanitized Copy Approved for Release 2010/03/17 : CIA-RDP80T01137A000100030002-5



Sanitized Copy Approved for Release 2010/03/17 : CIA-RDP80T01137A000100030002-5
25X1

'rr”:r“:ﬂ'“
2
FIGURE 1
5/D7 System~CBr rsal
RLD Mode
: 120%(60
2 )‘ Te = .09 sec.
< Control (42)  (rr)= (Sec.)
75% (70) !
w
)
: - ) I
—550% (128)
= 25% (279)
25X1
10% (845)
1\

Sanitized Copy Approved for Release 2010/03/17 : CIA-RDP80T01137A000100030002-5



_ Sanitized Copy Approved for Release 2010/03/17 : CIA-RDP80T01137A000100030002-5
25X1

- 31 -

concentration of CBr, (the curves are denoted as percent CBr,
relative to 100% for the standard formulation). The effect of
concentration is far more dramatic (Figure 17) in the RLD mode.
Undue emphasis should not be placed on discrepancies in the
apparent trend of curve shapes since many other parameters can
affect shape. The overall trend of lower speed, lower density
and longer development times is unmistakable nevertheless.
Analogous behavior occurs with the 5/D8 system (Figures 138 and
19).

This greater effect of CBr —concentration on the RLD
mode explains, at least in part, the previously noted fact®
that speed decay appears more rapid in this mode than in the
DPO mode.

Nevertheless, loss of CBr, is not the sole cause of
speed decay. This becomes readily apparent when these D-Log E
curves are compared to those describing the speed decay of film
(Figures 20 and 21). 1In the DO mode of 5/D7 (Figure 20) the
D-I.og E curve for a 1 hour old film corresponds to a fresh film
containing about 25% CBr, (Figure 16). Yet the loss of CBry,
never exceeds about 60% which corresponds to an equilibrium
loading of 40% (Section 1.1.1.3.1, Figure 14). This fact is
even more drvamatic in the RLD mode (compare Figure 21 with
17), especially when a 5 sccond latent image exposure was reguired
for decayed film, compared to a 1/8 second exposure for fresh
films. Comparable behavior was exhibited by 5/18 (Figures
22 and 23).

The differences between aciunal speed decay and spoed
decay simulated by altering the concentration of CBry must
be attributed to still another cause, presmumably Lhe chenical
decay.

1.1,1.3.2.2 Chemical Decay

Atteupts were made to simulate the speed decay of 5/D7
film by combining the addition of 4DMAP with loss of CBry
If the postulated formation of 4DVMAP is the sole chemical decay
factor then proper combination of these two parameters in fresh
£ilm should simulate actually decayed filwms. This assumption
ig naive since it neglects possible sccondary reactions of 4DMAP
that might be occuring during actual decay and it neglects the
simul taneous formation of D2G0-anthrone. Although failure to
sinulate decay would not prove therefore that chemical decay
mechanisas other than the one postulated are occurring, successful
simulation would provide assurance that only the postulated chemical

25X1
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decay mechanism is occurring. Furthermore, successful simula-
tion over a range of decay times would provide (by the known
amounts of 4DMAP added) a rate for the chemical decay.

The first step was to simulate observed DPO decay
(Figure 20) for any given time by adding 4DMAP to fresh
films containing the concentration of CBr, indicated for that
time by the known loss-rate (Figure 14, page 26). A previous
traversal of 4DMAP in 5/D7 (Figure 24) provided the necessary
ranges ot 4DMAP to be traversed for each age period.

The study began by attempting simulation of a one hour
aged film (see Figure 20). The measured CBr, loss-rate
(Figure 14) indicated that as much as 30% CBr, was lost during
the first hour; consequently, the traversal of 4DMAP was
evaluated with fresh film formulated with 70% CBrg. Results
are seen in Figure 25 and show that 2.5 to 5.0 pg of 4DMAP
closely approximates a one hour decay (compare with Figure 20) .
Before attempting to fine-tune the simulation, a check was made .
on the RLD mode (Figure 26) and the results were in no way

comparable to decayed film (Figure 21). Obviously, more formation

and presence of 4DMAP is not the sole cause of chemical speed
decay. This conclusion is supported by the inability to detect
the formation of 4DMAP in the presence of 4PO and/or D7 (cf.
Section 1.1.5.2).

The D260-anthrone, D427, is formed simultaneously with
4DMAP (Scheme 1) and although additions of anthrone to 5/D7
have no effect the simultaneous presence of both could be neces-
sary for the manifestation of chemical decay. The preceding
simulations were repeated in both DPO and RLD modes, this time
with equimolar amounts of both 4DMAP and D260 anthrone. The
results were identical, proving the nonexistence of synergism
between thecse two decay products.

4DMAP is readily oxidized as evidenced by its fairly
rapid discoloration (several hours). 1In fact its desensitizing
effect on films is attributed to its ease of oxidation; in
other words, it is a good reducing agent, It is reasonable to
expect that 4DMAP formed during chemical decay is further trans-
formed by interaction with oxygen or other film ingredients,
and that one or more of these transformation products may be the
direct cause of chemical speed decay. On the other hand, failure
to simulate decay may be due to still other chemical mechanisms.
That other mechanisms are operating should be expected since
autoxidation is a free~radical reaction and the film ingredients
other than D260 are also susceptible to free-radical reactions.
If this is the case, inhibition of autoxidation, which is the
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main approach to arresting chemical speed decay, will be effective
whether the postulated formation of 4DMAP is the sole cause or

not.

For a discussion of other phenolic products which are
probably formed concomitant with 4DMAP, see Section 1.1.3.3.

1.1.1.3.3 Ingredient Interaction Decay Studies - Formula 5/D8

Stock solutions of D260 and D8 with and without 4PO were
allowed to age 20 days both in air and in argon. The solutions
were initially made in an argon atmosphere using de-oxygenated
ingredients. A portion of each solution was transferred to
a chamber containing synthetic air (80% N,, 20% 0,) and shaken
periodically to assure displacement of the argon. Films were
run periodically with the remaining ingredients added just
prior to coating.

Changes in the DPO made are seen in Figures 27 and 28.
Note that after 20 days there is no change in the absence of
oxygen as compared to a significant drop in sensitivity in
the presence of oxygen. Note also the moderating effect of
4P0O. This behavior in argon parallels the behavior of D260
(Figure 29) and D260/4P0 (Figure 30) which were done earlier
as part of the 5/D7 interaction studies. Unfortunately, the
earlier studies with 5/D7 in air did not include the printout
" mode. 1In contrast to this behavior, D260/D7 (Figure 31) and
D260/D7/4P0 (Figure 32) showed some decay in the absence of
oxygen. In this instance 4PO appeared to have a detrimental
rather than moderating effect, but this is probably not real
since 4P0 has already been shown to moderate speed decay in this
systen. '

The RLD mode shows more strikingly the effects of air
and 4P0 on the aging of D260/D8 (Figure 33) and D260/D8/4PO
(Figure 34). 1In the absence of 4P0O, air causes dramatic loss
of sensitivity with a six-fold increase in development time.
In the presence of 4P0 poor imaging is possible but still with
a significant increase in development time. This behavior
parallels that of D260 (Figure 35) and D260/4PO (Figure 36).
D260/4P0/D7 also showed comparable behavior (Figure 37),
but here again D260/D7 showed a striking contrast particularly
in the presence of air (Figure 38).

Results from the latest 5/D8 studies concur with the ‘
conclusions drawn from the earlier studies with the 5 and 5/D7
systems. These conclusions were:
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1. Oxygen (air) plays a principal role in speed
decay. '

2. Oxygen's role is manifested as loss of density
and increase in development time.

3. 4P0O retards this decay.

However, the latest studies with 5/D8 indicate a signi-
ficant contrast between D8 and D7, with D8 showing the more
desirable properties. Thus, D8 shows better behaved D-Log E
curves, less rapid decay and less tendency toward blotching.
In fact, blotching is not nearly the problem it is with the
5/D7 system.

1.1.1.3.4 Coating Solution Decay

The measurement and study of speed decay has been com-
plicated thus far by the inability to separate or totally
differentiate the chemical decay from loss of activator. Over-
coating with PVA prevents loss of activator, but the resulting
behavior can noet necessarily be attributed to chemical decay.
Oxygen plays a role not only in speed decay but also in the
normal photoinitiated reactions, and since the PVA overcoat
excludes oxygen, the resulting photographic behavior cannot be
attributed merely to chemical decay. Furthermore the PVA over-
coat probably introduces a new set of parameters attributable
to neither of the recognized causes of speed decay.

Only one means is presently available to observe and
study chemical decay independent of the decay attributable to
loss of activator. This involves studying the stability of
bulk coating solutions from which the loss of activator can
be prevented by keeping the solutions in stoppered bottles. The
effects of oxygen can be included by comparing the stability
of solutions, prepared and stored in the presence of air with
solutions prepared and stored in the absence of air.

Formula 5/D8

The 5/D8 coating solution decays whether in air or oxygen-
free, but there are significant differences. The D-Log E curves
for the DPO mode are seen in Figures 39 and 40 and for the RLD.
mode in Figures 41 and 42. The complications of working in the
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environmental chamber and the time involved make it difficult
to obtain direct time comparisons for aging with and without
oxygen. As a result, these figures are of little comparative
value and essentially serve only to show that the solution
changes.

Nevertheless, a change in image color accompanied the sensi-
tometric decay. The image color of fresh 5/D8 is a deep purplish-
blue but as the solution aged the image became sky-blue, the
color of Formula 5 (D260) without D8 or D7. This visual change
was evidenced by a change from the Wratten 93 (green) to the
Wratten 102 (visual) filter for reading maximum densities. In
the presence of air the color change occurred sometime between
6 and 24 hours, while in the absence of air the change occurred
sometime between 1 and 5 days. :

The RLD mode showed after 6 hours a very grainy back-
ground which is referred to as a sandpaper effect since unstable
coating solutions which precipitate dye afford a film having
that appearance and feel. This effect results from the pre-
cipitated dye particles. In this case, however, precipitated
dye particles are not the cause of the sandpaper effect since
the printouts did not show the effect. The effect may have
been due to the same basic reason but in this instance the dye
particles were submicroscopic and although they were in isible
on direct printout, served as latent image centers which became
visible on development.

Formula 5/D7

The 5/D7 coating solutions' behavior was similar to those
of 5/D8 but with significant differences. The oxygen-free
solution showed a color change from deep magenta to D260-blue
sometime between 6 and 24 hours compared to sometime between
1 and 5 days for the 5/D8 solution. In the case of 5/D7, the
color change was slower in air (just noticeable after 24 hours)
than in the absence of air, which is just the opposite of
5/D8's behavior. During the period of this color change, dye
precipitation was quite obvious as evidenced by a pronounced
sandpaper effect in the DPO. However, after 72 hours the color
change to D260-blue was complete and all precipitated dye had
redissolved. Most interesting, however, was the following 72
hour period after which (144 hours) the sensitivity had increased.
Comparison of the 72 and 144 hour solid curves in Figure 43
jllustrates this phenomenon. The solid curves in Figure 43 were
read with a Wratten 94 (blue) filter which is standard for this
system. The broken curve corresponds to the same film, but was
read with a Wratten 102 (visual) filter. The color change which
has occurred is obvious.

Sanitized Copy Approved for Release 2010/03/17 : CIA-RDP80T01137A000100030002-5

25X1

25X1



Sanitized Copy Approved for Release 2010/03/17 : CIA-RDP80T01137A000100030002-5

I

¢ |5 | ¢

AR

FRE ADRPUIN 14081 9004

T

LTI

] L]
19140 STST1 I OUETROY T TREN LEARY SRRAN LA

—~1 Hr.

5

BN I
18

o N
HISIETI TRENESRINSINNY
21

RITHTHITII Y

OGO O]
15

1.2

AR TOTM ATt

b
Q

.

L

RELATIVE LOG EXPOSURE

Abs.

Log E

: 25X1

FIGURE 43

Coating Solution

Decay: Oxygen-Free

Formula 5/D7
DPO Mode

Solid Lines: Wratten 94
(blue) Filter

Dashed Line: Wratten 102
(visible) Filter

25X1

Sanitized Copy Approved for Release 2010/03/17 : CIA-RDP80T01137A000100030002-5



Sanitized Copy Approved for Release 2010/03/17 : CIA-RDP80T01137A000100030002-5

25X1

’ 10 | 11_'
NS IS8 SN RINEARCH {H043 Mnt) bowa) LU DNSN SM401 Bhene 1441
FIGURE 44
; Coating Solutio
v Decay: In Air
Formula 5/D7
RLD Mode
5
|
¥ :
. o
:: Argon - :
= 0 (39)
s
b
25X1

T O D T T O I O L e o e e e e g o fupy mpyarsushaevng i
- . : WA S ¥ S S S 3
1
4
.
Abs. Log T U |-

RELATIVE LOG EXPOSURE

Sanitized Copy Approved for Release 2010/03/17 : CIA-RDP80T01137A000100030002-5



— Sanitized Copy Approved for Release 2010/03/17 : CIA-RDP80T01137A000100030002-5 25X1

- 64 -

The effect of oxygen was most noticeable in the RLD
mode (Figure 44). The solid curves show the change after one
hour in air. In the absence of air the fresh film is poorer and
after one hour the film totally fogs with only 9 seconds of
development time.

Though perhaps less convincing than previously presented

data, here again‘'it appears that Formula 5/D8 is superior than
5/D7 in that its coating solution is to some degree more stable.

1.1.2 Special Purifications

Special purifications of D260 involving recrystallization
of photograde D260 from benzene/methanol under red light in the
presence of antioxidants of peroxide decomposers were carried
out, and the resulting D260 compared in films (Table 2 ).

The combinations of thiols and long-chain olefins (Table 2,
Nos. 5 through 7) were tried on the basis that the two compound
types react in the presence of peroxides to form sulfides
of the type CHj(CHy)xS(CHy) ,S(CHy)xCH3 (Table 1.

More extensive studies are anticipated and will include
some of the more promising additives (section 1.1.1.1) fron
the general screening and will include incorporation of the
resulting D260 samples into the overcoating evaluations.

1.1.3 Synthesis Program

1.1.3.1 D260 and Analogue

1.1.3.1.1 D427 (D260-Anthrone)

The oxidation of D263 to D427 (Scheme 2) was accomplished
using dimethylsulfoxide (DMSO) and air. Optimum conditions for
synthesis and purification gave a 449 yield.

An attempt to isolate pure anthrone from crude samples
containing anthranol by reaction with isocyanate failed: an
alumina column impregnated with RC-805 isocyanante resin failed
to trap the anthranol.

25X1
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TABLE 2
Antioxidant Used Comparison Reason
with
Control
1. l-octadene + l-decene much bettér Higher Dmax, lower fog, high s
both DPO and RLD
2, bis(tert-butyl) thiolsulfinate slightly better Dnet higher on 3 hour aging
3. l~decene slightly poorer Slight blotch, DPO Dmax slightly lower
4. bis(tert-butyl) disulfide worse Dnet lower, high fog
5. 1,2~ethanedithiol + l-decene worse Higher fog on DPO, blotch on RLD
6. 1,3-propanedithiol + l~decene worse Lower Dmax, RLD blotch
7. 1,3~propanedithiol + l-octadecene worse High fog, slightly lower Dmax, blotch
- starting
8. 1,2-ethanedithiol worse DPO increased fog, RLD complete blotch
1,3-propanedithiol worse DPO slightly higher fog; RLD complete
blotch, low Dmax 25X1
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H,C CHj HzC CHg o
(CH3) oN N(CH3) 2 ' 1SO (CH3) 2N CHg) 2
* 0, LU 3 25X1
H H o
D263 D427, "anthrone"
SCHEME 3
Synthetic Scheme for D431AN
CH; CHjz
(CH3) gN N(CH3) 5
@ O - Li N(CHj3) 5 —> |
SO 2
0 - |
D427

Q"

i

D431AN
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1.1.3.1.2 D431 (D260~Carbinol)

The planned synthesis of D431 involved addition of
p-lithiodimethylaniline to the anthrone (D427) as seen in
Scheme 3. Para-lithiodimethylaniline was first prepared from

p-bromo-dimethylaniline and butyllithium using tetramethylethylene-

diamine (TMEDA) according to the procedure of Hallas and
Waring?. Two attempts at this reaction were made using this
procedure, and both failed. The TMEDA caused messy reaction
mixtures from which D431 was inseparable.

A third attempt exluded TMEDA, according to the procedure
of Aaron and Barker®. The reaction proceeded smoothly,
affording 3 g of the chloride dye of D260 (D280AN, "AN" distin-
guishing products originating via the anthrone route) and 8.0 g
of D260-carbinol (D431AN). The carbinol was a pale blue solid,
mp 155-7°C, as compared to the reported mp 150-1°C: Calc'd
for 028H35N30: C, 78.32; H, 8.15; N, 9.79; 0, 3.73. Found:

c, 77.92; H, 7.87; N, 9.07; 0, 5.02.

The reaction was accompanied by formation of tetramethyl-
benzidine (TMB). It should be remembered that TMB was a detri-
mental impurity in D260 prepared by the conventional route. It
is present in Michler's Hydrol, an intermediate in that route,
but is no longer a problem since the Michler's hydrol is pre-
purified . Fortunately, TMB is easily removed from both the
carbinol and the dye (which contrasts with its exceedingly

difficult separation from D260) and it therefore poses no problem.

The anthrone route to D260 was originally believed to be
a means of avoiding TMB, since Michler's hydrol was not used
and no other potential source could be envisioned. It should
have been obvious, however, that p-lithiodimethylaniline could
oxidatively couple to give TMB, a reaction which is analogous
to the well known oxidative coupling of Grignard reagents.

1.1.3.1.3 D260AN

D260-carbinol (D431AN), prepared as described in the
preceding section, was reduced with zinc in acetic acid. Workup
of the reduction mixture gave a solid which evaluated as D260
in Formula 5/D7 gave a green precipitate and no image by RLD.
DPO gave a red image indicating no D260 activity. Workup also
gave a benzene solution which upon freeze-drying afforded a
solid material which was also evaluated as D260 in 5/D8. It
also gave no image by RLD and a gray-black image by DPO.
%lﬁmental analysis agrees with the propyl ether of D260

.
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OO
H7C3"O @

€2

Thus far authentic D260 has not been isolated from the
anthrone route, but this appears near term, since D260-dye
obtained by oxidation of D260 has been successfully reduced
by zinc in acetic acid. Additional work is justified in order
to compare photographic activity and speed decay properties
with those of D260 prepared by the customary route. This work
has been temporarily suspended, however, due to other immediate
priorities.

1.1.3.2 Peroxide Decomposers

The following antioxidants and peroxide decomposers were
synthesized and purified since July 1.

Sulfides: CH3 (CHz) QSCH2CH28(CH2) QCH3
CH5 (CHy) ;1SCHyCHS(CHy) 11 CH3
CH; (CH,) gSCH,CH,CH,S(CHy ) gCH3
CH; (CH,) 1 1SCHoCH,CH,S(CHy) 1 1CH3
CH; (CH,) gS(CH,) 4S(CHy) gCHg
CH; (CHp) ;1S(CHy) 4S(CHy) 11CH3

Sulfoxides: (CH3) oCHS(50)CH(CH;3) 5
CH3CH,C(CH3) S(-» 0)C(CH3) CHpCH3
(CH3) 3CS(> 0)C(CH3) 3

Sulfones: CH3CH,C(CH3) SO,C(CHz) CH,CH3
(CH3) 3CS0,C(CH3) 5
C12Hy 50COCH,;CHy S (= 0) CHyCHo COOC gHy 5
C4gH370COCH,CliyS(-> 0) CHyCHRCOOC, gHz 7
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KSC(=S)OCH2CH2CH3
KSC(=S) OCH(CH3) »
KSC(=S) OCH,CH,CH,CH3
ZnSC(=S) OCHyCH,CHj
ZnSC(=S) OCH(CHjz)
7nSC(=S) OCH,CH;CHpCH;
CuSC(=S) OCH,CH,CH3
CusC(=8) OCH(CH3) »
CuSC(=S) OCH,CH,CH,CHg
(CH3) 3CSSC(=S) OCH,CH3

Dialkyl Dithiophosphinates:

Thiosulfinates:

Thiolthionophosphonates:

KSP(=S) [OCH(CH;) CH,CH(CH3) 2 ]
KSP(=S) (OCH,CH,CH3) 2

KSP(=S) [OCH(CH3) o

ZnSP( S)[OCH(CH3)CH2CH(CH3) 12
ZnSP(=8) (OCH,CH,CH3) 2

ZnSP(=8) [OCH(CH3) ,

Cdsp(= S)[OCH(CH3)CH2CH(CH3) 1P
CdSP(=5) (OCH,CH,CH3) o

cdsp(=s) [OCH(CH3) »

BiSP( S)(OCH(CH3)CH2CH(CH3) P
BiSP(=S) (OCH,CH,CHz) o

BiSP(=S8) [OCH(CH3) 4 |2

CH3CH CHchZS(—>O)SCH2CH20H2CH3
(CH3)3SC(~>O)SC(CH3)3
CegH;S(~0)SCgH;

KSP( S)(OCH CH,CH3) 5
KSP(=8) [ %CH3)2 2
NiSP( S)(OCHZCH2CH )2
NiSP(=S) [OCH(CHj3) »
CdSP( S)(OCHZCHZCH )2
CdsP(=S) [OCH(CH3) ﬁ
BlSP( S)(OCH2CH20H )2
BiSP(=S) [OCH(CH3) 3 |2
ZnSP(=S) (OCH,CHyCH3) 5
ZnSP(=8) [OCH(CH3) o
CusP(=8) (OCH,CHyCHy)
CuSP(=8) [ OCH%CH3 )als
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1.1.3.3 Synthesis of D263

D263 is a leuco anthrancene which has shown great promise
in preliminary experiments as a potential replacement for D260.
It has comparable or better photosensitivity and there is reason
to believe that the structure would be less susceptible to
speed decay caused by autoxidation.

D260 is oxidized to its hydroperoxide which can decompose
to form two different phenolic products, 4-dimethylaminophenol
(4DMAP, II) and a complicated benzophenonephenol (I111). Either
phenol causes speed decay by terminating the free radical reaction.

H,C CHg

(CH3) 5N N(CH3)
p260 + 0p—F @‘@ >
(:fmﬂ

N(CHg) 2
D260 Hydroperoxide

HsC CHg

. (CH3) oN N(CHj3)
either “9 3 2 sdz (CH3)2N—©OH
D427 h_

4DMAP

or (CH3) o N, N(CHj3) 5
N oN e
0C=0

N(CH3) o

2~[2—(2-hydroxy—5—dimethy1amino)propylidene]

Michler's ketone
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The corresponding decomposition of the hydroperoxide
of D263 should lead to fewer deleterious phenolic products.

CHj CH3 » CH3; CHj
(CH3)2 N(CH3)2 (CH3)2N (CH3)2
O e O
H H H OOH
D263 D263 Hydroperoxide

CH CH.
either § 3 3
(CH3) N (CH3) 2N
+ H,0
0

D427

2-[2-(2-formyl-5-dimethylamino) -
propylidene ]-5-dimethylaminophenol

It can be seen that either of the two most probable
decomposition routes of the D260 hydroperoxide leads to a
phenol while only one of the two routes of decomposition of
D263 hydroperoxide leads to a phenol. Any or all of these phenols
would be expected to cause chemical speed decay.

D427 (the "anthrone'"), formed in both schemes, has no
effect on speed decay. The fewer phenolic products formed in
the D263 scheme supports our hope that this leuco will be signi-
ficantly improved in the respect to speed decay. : '
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In comparison with D260, the synthesis of D263 is much
simpler, the purification is easier, and the leuco is more .
photosensitive (darkens during laboratory manipulations).

. D263 can be prepared from dimethylaniline, formaldehyde, -
sulfanilic acid, and 2—(E—dimethylaminophenyl)propene by the
following sequence of reactions®.

(CH3)2N+ HCHO + HZN-©—SO3H —
(CHy) N @'CHzNH —@—so3ﬂ

N-p-dimethylaminobenzylsulfanilic acid

(CH3) 2N @

Hy

b (CH3) 5N @.@ (CH3) 2
Ho

D263

Hy S04

Two syntheses of D263 were carried out during this period.
The literature preparation was improved by reducing the solvent
volume in the first and second steps by a factor of three each,
and by reducing the sulfuric acid volume in the final condensation
step by a factor 7.5.

25X1
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The leuco was isolated by elution from a column of basic
alumina. After recrystallization very large white crystals
were obtained.

Preliminary film evaluation is currently underway. Of
immediate interest is the relative rate of spot growth compared
to 5/D8 and 5/D7 and relative rate of speed decay of unover-
coated film.

1.1.3.4 Synthesis of New N-Oxides

4-Benzylpyridine-N-oxide (IV), 4-(3-phenylpropyl)pyridine-
N-oxide (V), 4-benzoylpyridine-N-oxide (V1), and 4-
isopropylpyridine-N-oxide (VII) have been prepared.

0
I CH,

@(CHZ) (Or=o ©_c_@_;o E@Neo

CH; 7

IV, n =1 VI VII
v’n—3

Analyses for 1V, V and VI were good. VII has been sent out for
analysis.

IV and V have been found to be more soluble in benzene
than 4P0O, which should be an improvement in film formulation.

Under preparation at this time are 2-, 3- and 4-
pentadecylpyridine-N-oxide; 2-, 3~ and 4-(n-hexyl)pyridine-N-
oxide; 2-, 3- and 4-tridecylpyridine-N-oxide; and 2~ and
4-(n-octyl)pyridine-N-oxide. It is expected that these, too,
will show improved benzene-solubility.

1.1.4 Ingredient Purification and Supply Maintenance

1.1.4.1 D260

A superior sample of D260, in comparison with earlier
"good" samples, is designated Sample CS4G4. D260 in benzene

25X1
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was put onto a basic alumina column, eluted in red light with
95/5 benzene/ethyl acetate, solvent removed under vacuum, solid
ball milled with glass marbles, and recrystallized from benzene
and methanol under red light. The crystals were dried under
vacuum, ground with a mortar and pestle and redried under vacuum.

Three other samples of D260 were purified to yield
material of photograde quality, but not as good as Sample CS4G4.

A shipment of 600+ grams of D260 received from ChemSampCo
in September did not clean up as easily as earlier shipments.
Photograde material was obtained but at significantly lower
yield than usual.

1.1.4.2 1Image Enhancers

A 350 gram sample of D7 was prepared by base-catalyzed
condensation and recrystallized. This is a departure from
earlier acid-catalyzed procedures. The basic procedure was
expected to be superior because it eliminates the possible
conversion of any of the styryl base to the much more highly
colored styryl dye, and initial results support this expecta-
tion,

A similarly base-catalyzed preparation of D8 was carried

out on a large scale, resulting in an improvement in yield and
quality. This will become the new standard D8 synthesis.

1.1.4.3 Purifications
All future purifications will avoid the use of sintered

glass funnels and ceramic mortars and pestles (see Section
1.1.1.2.3).

1.1.5 Analytical Studies

1.1.5.1 Dust Samples

Six dust samples collected from darkrooms were analyzed
qualitatively for film ingredients. The results show occasional
presence of such materials as D7 and D392 (the dye of D260).
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1.1.5.2 4DMAP Assay of Aged Solutions

4DMAP was assayed in aged D260 solutions by TLC. A
solution containing only D260 and polystyrene showed the presence
of considerable 4DMAP. 1In contrast to that result, aged solu-
tions of D260 with D7, 4PO, or both showed no detectable phenol.

An aged solution of D7 and 4DMAP showed that 4DMAP was
not consumed under those conditions.

A fresh Formula 5 film was prepared. Sections were
extracted with benzene at intervals. No 4DMAP could be
detected after 24 hours (Section 1.1.1.3.2.2).

1.1.5.3 Polyvinyl Alcohol

The polyvinyl alcohol (PVA) used for overcoating was
passed through acidic and basic ion exhange columns to remove
foreign materials. After this treatment the pH was 5.6.

An an alternate to the time-consuming passage through
the columns, later samples were merely slurried as a 15%
solution (in the case of DuPont Elvanol 51-05) with Rexyn 101,
a sodium cation exchange resin. Trace metal analyses were
determined spectrographically on slurried and on untreated PVA.
Levels of lead, mercury, selenium, and barium were below the
level of detectability. Levels of antimony, cadmium, and
arsenic were apparently lowered by the slurry treatment from
less than 10 to less than 1 ppm.

1.1.5.4 Film Dye Identification

Products from Formula 5/D7 coatings were extracted,
fixed and separated from polystyrene to yield 20.6 grams of
red-brown dye. A total of 488 tfractions were collected from
elution from basic alumina and were combined to make seven
consolidated fractions. The product mixture is evidently
quite complex. The only products identified were CBry4 and
4-picoline. Presence of CBr, probably indicates incomplete
fixing, as it had been found earlier that fixing of thick
coatings of this type required repeated solvent extraction to
stop photochemical activity. 4-~Picoline was found corresponding
to 109 of the 4P0 originally present, indicating oxygen-donation
as at least a particl role for 4PO. However, it must be
established that the 4-picoline results from reactions in the
film and not as an artifact of the chromatography.

25X1
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Irradiation in the "Merry-Go-Round" photochemical
reactor of the ingredients of Formula 5/D7 was consistent with
the above extraction results and contributed no new information.
Similar irradiation of the ingredients of Formula 5/DPA
resulted in no DPA or 4-picoline detectable by gas chromatography.

The separation of dye products has proved to be difficult
and will necessitate using more appropriate and sophisticated
separation techniques than thin layer chromatography (TLC) .

The feasibility of using such techniques as partition
chromatography and electrophoresis is being explored as time
permits, but any further attempts to separate and identify
products is being discontinued for the remainder of this con-
tract.

25X1
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1.2 ENGINEERING

The engineering tasks for the first half of this contract
have proceeded on schedule. Good progress has been made in
most areas and significant improvements in both the results
and techniques used have been shown.

Work on 1.2.4, Red Lite Testing, suspended during
August/September because of the increase manpower necessary
for completion of 1.2.2, was resumed as of 1 October, 1972,
and is progressing well.

1.2.1 Calibration and Maintenance

Calibration and maintenance of all equipment have
proceeded on schedule. Techniques for calibration have been
improved for red lite development and sensitometer units. A
more unified positioning system for probes and an on-site
measuring technique have been developed. Improvements in
the operation of the sensitometers and coating plates have
reduced operator errors and operation time, and have improved
accuracy.

1.2.2 New Darkroom Facilities

A new environmentally controlled darkroom facility was
designed based on data previously obtained from controlled
laboratories in project areas. The design of the facilities
was begun July 1, and an area containing three laboratory coating
rooms, a weighing room and a data reduction room has been completed.
Construction was begun the first week in August and completed in
the second week of September. This included a free-standing,
self-contained laboratory with environmentally controlled air
conditioning, dehumidification, water wash and particulate filter
air handling system. Particular care was taken to reduce contami-
nants, to control temperature and humidity and to give optimum
comfort to the technicians. The unit is designed with a dressing
area, so that special clothing can be worn to reduce the intro-
duction of contaminants from street cloths and from normal body
tissue. One lab has a large exterior door for the introduction
of large test equipment.  Each laboratory has two compartmentalized
coating hoods and a red lite and sensitometer hood. The area
will hold a maximum of six technicians, all working independently.
Coating operation began in these environmental laboratories on
2 September 1972,
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All the necessary equipment for weighing, mixing, coating,
developing, fixing and recording of data has been constructed
and/or obtained by engineering and is in place in the new dark-
room area. This includes the normal compliment of services
such as safe lights, vacuum stations, heaters, mixers, coating
bars, cutting stations, static elimination bars, etc. In addi-
tion, six coating stations, three sensitometers, and three
HID-2 red lite development units were constructed and placed
in the unit. Items such as special filters dichroics, and an
inventory of Marc 300 lamps for the red lite units has been
stocked for use during the remainder of the program.

1.2.3 Shelf Life

Work has proceeded in this area with the main thrust
aimed at eliminating the spots which occur in the overcoated
mode.

1.2.3.1 Overcoating

Considerable progress has been achieved and samples
of 5/D7 have been held for periods as long as 72 hours at room
temperatures. Figures 45 and 46 show the sensitometric curves
of four samples cut from the same sheet and then stored at 70°F.
Figure 45, Curve 1, is the initial sensitometric curve and
Curve 2 is the curve at 24 hours. Sensitivity in the printout
mode has decreased at this point only a factor of 2. There has
been a considerable speed loss in the printout mode at 72 hours,
Curve 4, but the film does exhibit some sensitivity to a 10
second exposure and is completely clear of spots in the image
area. :

1.2.3.1.1 Equipment

A spin coater has been designed and built in-house to
satisfy the specific needs of our coating cperation. The unit
operates from zero to 500 rpm and is capable of achieving a
considerable range in coating thicknesses. The coating uniformity
has not improved sufficiently at this point to allow spin coating
of the sensitive layer, but is quite adequate for the overcoating
work in progress. The size of the spin coater, however, limits
its location and it cannot be placed inside the clean air hood.
This allows dust particles, etc., to land on the sensitive
coating during the transition period between coating in the hood

25X1
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and moving the sample to the spin coater. Improvements are
being made to alleviate this problem. Samples overcoated on
the spin coater consistently show no printout speed loss for
periods up to 6 hours on the Formula 5/D7 film system.
Experience on the spin coater has shown an improvement in

both speed decay curve and a reduction in the number of spots
as the percent coating solution or the number of overcoats

is increased. At this point the optimum spin overcoat solution
appears to be PVA 52-22, 8% by weight in water and a quadruple
overcoat.

1.2.4 Red Lite Development

A novel system for optically developing 325B tilm samples
has been devised. In the past no quantitative system of
viewing the development process was possible. Such a system
has now been shown feasible and indeed subtantial amounts of
data have been accumulated.

The system consists of a Beckman DK-2 scanning spectro-
photometer with a time drive adaption which makes it possible
to set the development radiation at a particular wavelength and
allow the chart recorder to record changes in transmission occur-
ring during the development process. This technique when
fully exploited will provide a most powerful tool for obtaining
pragmatic parameters and data for a thorough understanding of
red lite development as employed with the 325B film materials!

The schematic diagram of the development apparatus is
shown in Figure 47.

The film sample, which is placed across both the sample
and reference beam is exposed on the sample side and left
unexposed on the reference side. An accurate monitoring of
any fog buildup is thereby accomplished since the slit will
start to open should the reference beam intensity decrease.

Two curves have been included showing the rate of
transmission change per unit time to the development radiation
(Figure 48). No. 1 is an overcoated sample red lite developed
at 650 nm and No. 2 is another overcoated sample red lite
developed at 665 nm. The data associated with each curve is
detailed below:

No.1 No. 2
Film Type: Formula 10 Formula 10
Development A: 650 nm 665 nm
Development Time: 3 Minutes 7 Minutes
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No. 1 : No. 2

Dmax: .55 1.35
Dmin: .39 , .05

Overcoat: Dip Dip
PVA-52-~22 PVA-52-22

Bandwidth: i§ nm i§ nm

There are several obvious differences between the two
samples. The rate of density amplification is much greater for
the 650 nm sample but is prevented from complete amplification
due to rapid fog buildup. The contrary is true forthe sample
developed 665 nm. Although the amplification rate is slower,

a much higher Dmax is attained with the lower fog.

Unfortunately, complete step wedges can not be developed
due to the small format size. This new procedure has opened
new avenues to the control and understanding of the red lite
mechanism. '

25X1
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1.3 PERKIN ELMER INTERFACE AND QC/QA

1.3.1 Perkin Elmer Interface

1.3.1.1 Plans and Progress of Perkin Elmer Program

The experimental plans detailed in the September 15
meeting at P.E. (see this section of the September Progress
Report) were completed except for the laser RLD trial which was
only a tentative item. The search for the optimum red lite
filter for RLD (Item 1) has been completed. The R70 filter
with a 5% cut-on at about 680 nm is optimum. It yields the
fastest speeds and with good gammas at both room and elevated
temperature. The use of narrow bandpass interference filters
yielded approximately the same speeds and gamma at room and
raised temperature respectively. The significance of these
results is the fact that the interference filters can yield
the same development with exceptionally low amounts of energy.
This is a prime demonstration of the photochemical nature of
the red lite development process.

Item 2, the determination of the RLD rate dependence,
showed a definite break in the explosive vs. low gamma type
development. RLD can only be speeded up to a certain point,
beyond which the reaction takes off explosively yielding very
steep gammas. In the experimental situation, which will be
described in more detail in P.E.'s report, the developments
from 4 minutes to 32 minutes yielded gammas from 1.7 to 2.0
and speeds that were at least as good or bhetter. Developments.
of 2 minutes or shorter yielded the extremely high gammas of
5 to 10. The change in optimum development time was effected
by use of ND filters. The lower gammas with long time develop-
ment, correlate with the recent tests at| | The red lite 25X1
developed samples at P.E. appear very clean, and to the eye,
appear as good as DPO samples!

Item 3 was an attempt to establish a difference in the
latent image dye product between the frozen/stored/shipped
materials and the fresh materials. Because the frozen aged
materials required an RLD filter cut-on approximately 10 nm
further out than required by the fresh materials, the possibility
existed that the absorption spectra of the latent image had also
been shifted to longer wavelengths. The first conclusion from
the spectra run on the stored frozen materials at P.E. show a
latent image dye product peak at approximately the same wavelength
as in the case of fresh materials (625 nm).

25X1
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A difference did appear in the spectra run on printout
fixed material. A very good demonstration was presented that
showed the film taking on a reddish hue with storage times
from 4 to 18 days. The redder image indicates a higher propor-
tion of D7, dye vs. D260 dye product. One possible cause
would be acidification due to absorption of CO, in the film
coating. Acidification, of course, would produce D7 dye imn larger
quantities. An attempt was made to avoid acidification by
taking extra care to prevent CO, entering the box in which each
of the film sheets was stored. The three sheets were boxed and
sealed before forzen on the dry ice, and the seal was made with
a heated platen to assure an air-tight bond. These three
samples did not yield performance different from the other
sheets of the same shipment. The possibility still exists that
the polyethylene bags were permeable enough to allow sufficient
quantities of CO, into the film box. The shift to redder image
dye also correlates with previous results at:::::::} The correla- 25X1
tion might also be made with the fact that RLD with longer
wavelengths than optimum may also yield a redder than "normal"
image. Another factor that was discussed at the most recent
meeting was the humidity of the air in which the film was
stored. Although 40% relative humidity is '"'good"™ for room air
in which the film is coated and processed, it might contain enough
water to allow absorption into the film over longer periods
of time, which probably would be detrimental to speed. The
study of storage conditions for film is considered a priority
item. This should tie in with the study to determine the cause
of the lower RLD speeds at P.E.

Item 4, the effect of raised temperature on development,
was established conclusively. Amplification due to heat alone
is marginal; a factor of two at most. Turning the red light
on during the time the film is lying on the heated platen results
in an additional amplification of 100. This series of tests
was another indication that red lite development is a photo-
chemical process. A control test of red lite development is
valuable. As reported in the last progress report, the mobility
of the chemicals, primarily the activator, is an extremely
important factor for RLD.

The test goals laid out at the 16 October meeting have
shifted the priorities of the original 9 August Interface
program statement to adjust for the remaining time in the contract
period. Top priority will be given to shipping overcoated
material which will enable completion of Item 1 of the program
statement. Item 2 has already been completed. 1Item 3, double
development, will receive a lower priority although the ground
work has already been laid. A thorough set of detailed

25X1

Sanitized Copy Approved for Release 2010/03/17 : CIA-RDP80T01137A000100030002-5 —



Sanitized Copy Approved for Release 2010/03/17 : CIA-RDP80T01137A000100030002-5 25X1

- 89 -

instructions on plans for double development have been put together
and sent to P.E. and the necessary RLD and interference filter
background work has also been accomplished. The remaining

time unti1l the end of December probably will be sufficient to

do a good job on overcoated materials as laid out in Items 1 and

4. Item 4, the determination of shelf life, will be the priority
item for December. At that time we will combine the best

materials and processing technology available at both laboratories
and the tests will be carried out at both labs.

1.3.1.2 Test Planning for Perkin Elmer

QC/QA Interface has been able to accomplish some lab
work while waiting for the new darkroom facilities to be com-
pleted. The primary accomplishment was to determine that
elevated temperatures during RLD of fresh materials yields
no advantage. Because of the success at Perkin Elmer with ele-
vated temperatures during RLD we had hoped to see the same
improvements in speed on fresh material as well. Our results
reconfirm those of previous years. The prospects still remains,
though, that room temperature storage of film may be improved
in speed by heating film to 90°F during RLD. As pointed out
in the above discussion of the most recent results from P.E.,
the mobility of the chemicals during RLD may be an important
factor.

In a short series of tests to compare speeds with the
Kodak 101 with the Horizons manufactured sensitometers, we show
an indication that use of a black platen behind the film can
result in a four-fold increase in speed. Further testing will
be necessary to confirm this conclusion.

The three weeks of laboratory work by the QC/QA project
team did succeed in training the new technician, so that signi-
ficant testing can begin when the move to the new darkrooms
is completed.

1.3.1.3 Liaison (Meetings)

The scheduled meeting with the consultants at| | 25X1
took place on the sixteenth of October. The discussions with
the consultants were considered fruitful by all concerned. The
next meeting is scheduled tentatively sometime during the first
half of December, which will provide the last opportunity for an

25X1
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input in this contract period. P.E. will request involving

the consultants in a small amount of lab work at their respective
facilities. The lab work at P.E. is being reserved exclusively
for the original goals as discussed in Section 1.3.1.1 of this
report. The next scheduled meeting on this portion of the
interface program is for the latter part of November when the
final plans will be made for testing optimum shelf lire results.

1.3.1.4 Film Shipment

Shipment Number Date No. of Sheets
11 14 August 15 Received
12 28 August 5] Received
13 11 September 15 Received
14 24 Qctober ' 5
15 6 November 15
16 4 December - 15

The last two shipments, 15 and 16, will be overcoated
film of Formula 10. The reasons for the switch to Formula 10
at[::::::lis discussed in the chemistry section. The switch 25X
to Formula 10 for the interface program will keep the work at
P.E. most relevent to the 325 program. Because Shipment 135
will involve two changes, the formula and overcoat, Shipment 14
will be made up of a small number of sheets of non-overcoated
Formula 10. This is necessary and should be sufficient to
separate the causes for any changes in performance of the
overcoated Formula 10 film material.

1.3.2 QC/QA

1.3.2.1 Materials Inventory

Sufficient quantities for the larger coating effort have
been maintained. The following photograde quantities were
available as of 15 October 1972.

25X1
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Handcoating
gm/ml Equivalent
Available Amounts (Formula 5/D7)
D260: 82 - 1,800
D7: 350 12,300
CBry: 1,378 3,600
1,500 ml
4PO: 100 12,500
1,500 p1

D8 110

1.3.2.2 Calibrations

The quality of Formula 5/D7 materials continues to be
maintained at a sufficient level. The calibration of sensito-
meters and RLD units have been maintained on a weekly basis
without any problem. The new sensitometers will be cross-
calibrated with the old sensitometers using silver film if
time permits. The basic design of the new sensitometer is a
condensation of the through-the-base design for the original
set of four sensitometers for 325. The QC check of the
polyester base thickness continues to be made on a weekly
basis. The flatness of the base continues to be poor as
reported in the last monthly report. Free samples have been
elicited from Gevaert in Mortsel, Belgium, which should be
available in November. New coating plates have been made for
most of the coating stations which include an inlaid optical
flat glass. This will be superior to the metal plates, which
have become distorted through several years usage. The
manufacturer has specified the flatness to be within .02
mils. We have measured them to be at least as good as .5 mils,
which is more than sufficient considering the base polyester
which is being used on project.

1.3.2.3 Clean Room Standards

More rigorous clean room procedures are now being followed
in the hand coating areas. The wearing of cover garments is
universally observed. General clean-up is on a daily basis.

Use of disposable paper lab coats, booties and hats has been

25X1
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terminated because of the lint problem. Heavily starched
cloth garments are being used with shoes that are used only
in the lab area.

Microscopic inspection of dust samples revealed that
they were mostly lint, and the lint often had microscopic
sized crystals of dye attached to or impregnated in it.
Chemical analyses of dust samples and filter samples showed
sporadic traces of PO, D7, and D260. Analyses of non-Formula
5/D7 materials were not done. Extensive work on the spreading
spot problem with stored overcoated materials showed that the
seed crystals are at least one of the causes. Seed crystals
are inherent in the atmosphere of chemical labs. The present
controlled environment rooms are a big improvement over previous
labs, but not a substitute for class A type clean rooms.

The dye purification lab now has a full sized Barnebey
Cheney air purification unit. The dust filters in each of the
Barnebey Cheney units will be switched to the "viscosine"
hexachlorophene impregnated furnace dust filters, which have
proven to be better traps for the airborne D260 crystals.

1.3.2.4 Standard Material Purifications

1.3.2.4.1 D260

The purification of the D259 intermediate results in
considerably higher quality D260. The purification of the
Michler's hydrol intermediate was optimized at H.R.I. in
January, 1972, and the details were transmitted to ChemSampCo,
the current supplier of our crude D260. The Michler's
hydrol is recrystallized from a benzene/pet ether solution.

A double recrystallization from this medium serves to remove
TMB completely as tested by TLC.

D260 is recrystallized by dissolving in hot benzene under
red light and adding methanol while still hot. Cooling gives
white crystals which are filtered and dried under vacuum.
The crystals are ground in a mortar and pestle and dried under
vacuum. This purification procedure will now be considered
the primary initial procedure for all D260 received from ChemSampCo
provided the gquality of the crude received remains constant as
monitored by TLC.

Shipments of D260 from ChemSampCo consist of light
blue material which was exceedingly clean by TLC, containing
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only a trace of anthrone (less than 0.001%). For TLC crude

D260 is eluted on a dry basic alumina column, activity grade

111, using 95/5 benzene/ethyl acetate in complete darkness

except for a red flashlight. For QC TLC plates are spotted

in the dark and should indicate only a trace of anthrone present.

The anthrone impurity gives a single intensely fluorescent
spot when examined by TLC on alumina. The infrared spectrum
of a concentrated sample is essentially identical to the infrared
spectrum of 2,7-bis(dimethylamino)~9,9-dimethylanthrone which
had been prepared recently in these laboratories and had been
a suspected impurity in crude D260.

While the anthrone was not determined to be deleterious
to film performance, the closely associated DMAP was. A
one-to-one relationship was established between the anthrone and
the DMAP, which is much more difficult to detect in a routine
QC check. The relationship was established by dissolving a
sample of D260 in benzene and placed in a quartz UV cell and
irradiated with UV light. After 4 hours, p-dimethylaminophenol
could be detected by TLC at a concentration of about 1/100%.
The solution was diluted to a concentration of 1/100 that of
the original. Anthrone was detected in this solution at a
concentration of about 1/10,000% by TLC. From this it was
concluded that the phenol and anthrone were present in about
equal concentrations.

Thin layer chromatographic examination of the D260
delivered to us in January, 1972, by ChemSampCo revealed a
gross impurity eluting just ahead of the D260. The impurity
was definitely established as deleterious photographically as
reported in December, 1972. Elemental analysis of this
impurity was correlated with infrared spectral data and
physical properties in January, 1972, and this material was
identified as N,N,N',N'—~tetramethylbenzidine (TMB). This com=-
pound no doubt arises by oxidative coupling of dimethylaniline
in the preparation of Michler's hydrol and is carried through
unreacted in the synthesis of D260. Work in January, 1972,
showed that the best way to remove this impurity is by several
triturations in hot ethanol in which D260 is only sparingly
soluble. It was discovered that practically all of the TMB
can be removed in this way by one alcohol trituration of
material prepared in our laboratories, provided the Michler's
hydrol had gone through at least one cyclohexane recrystallization
prior to use in D260 synthesis.

Analysis of mass spectral data of various samples of
D260 has revealed a condensation product impurity. At 250°C
scan temperature, a relatively large peak appears at M/e 666 in
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some samples, notably a crude sample and a particularly good
photograde sample. The difference between M/e 666 and M/e 413
(D260) turns out to be M/e 253 (100% peak for Michler's hydrol).
This leads immediately to the very real possibility that the

666 contaminant is in fact a condensation product of D260 and
Michler's hydrol arising from the carry-over of Michler's

hydrol from D259 synthesis. This M/e would in fact be 665 but
it is quite possible that instrument error this far out might
account for this small difference.

1.3.2.4.2 Other Chemicals

Benzene: On warming D7 in reagent grade benzene or
reagent grade benzene containing polystyrene, an orange-red
color develops nearly instantaneously indicating dye formation.
On the other hand, treatment of reagent grade benzene by shaking
successively with concentrated HyS0,, water, NaOH solution,
water and then drying over molecular sieve results in benzene
which, when heated to the boil with D7, produces only a slight
change incolor. It is now our plan to distil from sodium wire
benzene which has been treated in this way and freeze-dry the
resulting distillate to obtain ultrapure benzene for use in
film studies.

4PO: Practical grade 4P0O is recrystallized from acetone/
petroleum ether by the usual procedure., This white solid is

then transferred to a Labconco glove box where it is recrystallized
twice from benzene which has been pretreated by base and water
washes and then stored over a molecular sieve. The twice
recrystallized 4PO is placed in a vacuum desiccator over Py0s

and pumped on for two days.

CBry: Analysis of photographically good and bad samples
of CBr, by TLC was unexpectedly successful in short order.
Elution was carried out on J.T. Baker almmina 1B-F using

an isomeric mixture of hexanes., The chromatcgram (colorless)

was then developed by spraying with photograde D260 dissolved

in cyclohexane followed by irradiaticn with a UV lamp. Photo-
inferior (white) CBr, showed the presence of a significant
impurity resolved just behind the main spot. A number of samples
wer e checked and cross-checked by [ilm evaluation with consistent
results. Samples showing one spot are acceptable while all those
showing the presence of impurity are photographically »ad.
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PROBLEMS
1. Securing best quality polyester base material.
2. Obtaining 70°F working temperature in oxygen-free coating
test chamber.
PLANS FOR NEXT REPORTING PERIOD
1. Continue screening of decay inhibitors.
2. Enlarge effort to integrate all approaches to extending
shelf life.
3. Expand shelf life evaluation studies.
FINANCIAL
The following figures cover the Financial Status for
the project through September 30, 1972.
The present underrun reflects some delays in staffing
and in fabrication of facilities. She higher level of expenditures
expected during the next three month period should bring the
cost-at-completion close to the original plan.
25X1
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